We discuss the large-scale setting for the Frontal Air-Sea Interaction Experiment (FASINEX). A climatology of the west-central North Atlantic, derived from various data sets, is presented, and the meteorological and oceanographic context for FASINEX is thereby established. While the atmospheric and oceanic processes of interest during the intensive phases of FASINEX are not resolved in this large-scale study, we are able to show how these scales produce an environment favorable to the smaller-scale processes of frontogenesis that are the subject of other contributions in this issue.
INTRODUCTION
The Frontal Air-Sea Interaction Experiment (FAS1NEX) was designed specifically to focus on the atmospheric and oceanic dynamics and thermodynamics within the vicinity of sea-surface temperature (SST) fronts and how the presence of these fronts modifies air-sea interaction processes [Weller, The time of year chosen for the intensive phases, January-March, was thought to be a time during which the SST signatures would be clearly visible with satellite sensors (SST gradients are washed out by surface heating during the summer months), and this was the case, as the papers in this series will show. However, we will also show that the large-scale processes that set up the favorable enviromnent for frontal activity are not limited to the winter months.
Stream) require the introduction of friction and the variation of the Coriolis parameter with latitude [Storereel, 1948] . Ekman theory involves internal friction and ocean-atmosphere coupling; the large-scale mean wind pattern produces a meridional convergence of Ekman transport (and hence downwelling) within the gyre. Consequently, the central portion of the gyre is often referred to as the subtropical convergence zone. Since the meridional direction is nearly normal to the mean surface isotherms, this wind pattern acts to increase the magnitude of the SST gradients within a zonally oriented band several degrees wide. This band is typically found between 25 ø and 32øN in the Sargasso Sea [Halliwell and Cornillon, 1990a,b] . Smaller-scale, nonlinear dynamical processes operating within this band then act to form the strong fronts found there. This paper focuses solely on the large-scale climatology of the SST and SST gradient fields, along with the large-scale climatology of surface atmospheric forcing fields. Hal-
liwell et al. [this issue] focus both on the mesoscale (O(102) km)
and the large-scale variability of these fields during FASINEX (January through June 1986), relating the observed properties of these fields at large scales to the observed climatology described here. Davidson eta/. [this issue] focus on the large-scale meteorological variability during FASINEX.
Overview
We discuss here a 40-year climatology of the FASINoeX area using the Comprehensive Ocean-Atmosphere Data Set (COADS) [Woodruff et al., 1987] and somewhat higher resolution, shorterterm climatologies constructed from the National Ocean Data Center (NODC) archives. The COADS data include a number of derived parameters as well as the (processed)observations, and allow the larger scales of Ekman convergence in the area to be assessed. With the NODC data, we begin the process of analyzing increasingly smaller scales of variability over a time interval of decreasing length that is converging toward the 6-month FASINEX interval.
We begin with a discussion of surface marine observations of SST and its variability, both annual and interannual. The marine meteorology of the FASINEX area is then discussed in terms of the surface pressure and winds, the sea-air temperature difference, and the cloud cover. This is followed by an oceanographic climatology, derived from the NODC archives, that describes upper ocean currents and density structure.
SEA SURFACE TEMPERATURE

COADS Background
The COADS consists of a compilation of surface marine observations from all available sources; for practical purposes, the usable data begin in the mid-1800s. The data set has been culled for duplicate and obviously erroneous observations, and the products used for the climatology discussed here were monthly averaged over 2 ø squares. Woodruffet al. [1987] discuss the data processing; further details are given by Slutz et al. [1985] . For the analyses that follow, we have used data from 1948 to 1987 for the long-term climatology. Data coverage, particularly for the quantifies used here in the smaller averaging domain described below, is quite good for this period. In the cases where data was missing for a given month (this occurred mosfiy for COADS squares in the far northeast of the large domain in Figure 1 ), the long-term monthly mean was substituted.
We present long-term averages of observed quantifies in a 32 ø square box centered approximately on the FASINEX site, shown 
SST Climatology
Long-term average. Figure 1 shows the long-term average SST (the 40-year annual average) for the 32 ø square domain. As expected, horizontal variability in the SST signal in the western North Atlantic is dominated by the Guff Stream. However, the zonally oriented large-scale frontal band expected to be found in the subtropical convergence zone is visually evident. It is confined approximately between the 24 ø and 26øC isotherms (between about 25 ø and 30øN) within the 12 ø box. In the FASINF• area the annually averaged temperature is about 3øC warmer than the temperatures during the intensive measurement phase, which was It can be seen from Figure 4 that there is a large-scale Ekman convergence, associated with the westerlies to the north of the 12 ø domain and the easterly trades to the south, centered approximately on the FASINEX area. This is confirmed by Ekman pumping calculations (Figure 6 ). For these, drag coefficients dependent on wind speed and sea-air temperature difference [Smith, 1988] were used with centered differences. The long-term average (Figure 6a) Because most of the Ekman pumping is associated with the curl of the zonal wind stress (that is, -•}x,,/i}y ), the implied convergenee can be related to the SST gradients depicted in Figure 3 . The relatively flat field of downward pumping in the mean suggests that water from north and south of the domain will converge in a ridge, concentrating gradients there (Figure 3a) , and the approximately out-of-phase seasonal cycles of the gradient and the pumping are also consistent (Figures 3b and 6b) Unlike the interannual variability of the SST and the surface pressure, the first EOF of the interannual ATss represents only 36% of the variance. However, because the second EOF represents a considerably lower amount (7.5%), the first EOF (shown in Figure 8b ) is significant. The pattern is similar to the average and annual cycle, and, as with most other quantifies, the amplitude is considerably lower. Beyond the apparent power in the 2-to 5-year range, there is no obvious correlation with other variables. This is not unexpected, due to the influence of continental air masses moving off North America over the region of interest.
Cloud Cover
We conclude our analysis of the marine meteorological climate of the FASINEX region with a presentation of cloud cover. The Inspection of the meridional temperature cross sections presented by Schroeder [ 1965] indicates that from 22øN to about 28ø-30øN, isotherms tend to shoal toward the north as we observe here. To the north of 28ø-30øN, isotherms tend to deepen toward the north, reaching their maximum depth near 36ø-37øN, the latitude where Subtropical Mode Water is often formed in late winter. This dip in the isotherms may also be associated with the Gulf Stream recirculation call. Unfortunately, this isotherm depression north of 28ø-30øN is not reproduced in the Levims data, possibly due in part to the extreme smoothness of these fields. The relative change of zonal velocity with latitude, in particular the existence of the subtropical countercurrent, is more accurately represented than the absolute velocity.
Seasonal Averages
Seasonal averages, shown in Figures 12, reveal considerably more detail, although below about 250 m (the approximate base of the seasonal thermocline), differences with the annual average are small. In winter (Figure 12a) , there is a strong well-mixed layer to about 100 m with generally higher salinity, and there is a hint of a layer of minimum vertical temperature gradient below the seasonal thermocline. The geostrophic current structure is similar to that of the annual average. Note that the horizontal shear at the surface is also substantially stronger that the annual average. In spring (Figure 12b) , the surface layers have begun warm substantially and the minimum surface salinity has shifted northward; this combination changes the density structure and the associated currents dramatically.
The summertime patterns (Figure 12c) show the effects of strong surface heating and relatively uniform evaporation: the surface salinity minimum is uniform and the mixed layer is much warmer and shallower than that in winter. By fall (Figure 12d) , the transition toward the winter pattern has begun, with a deeper, cooler mixed layer, a shift of the salinity minimum southward, and the beginnings of the winter-spring current structure.
Upper Oceanic Structure
The archived NODC data were used to determine the depth of the seasonal thermocline and to calculate the vertically integrated heat content and total potential energy in the water from the surface to this depth. For each cast, the top of the seasonal thennocline was obtained in an upward looking search beginning at the shallower of (1) both heat content and potential energy that is nearly twice as large as in spring and fall, and much larger than in summer (nearly an order of magnitude in the case of the potential energy). Thus while the ocean is substantially warmer in the summer, the heat content is dominated by the mixed layer depth.
In an attempt to isolate interannual variability, the mixed layer depth was averaged zonally over 2 ø of latitude for each year (Figme 15) and also seasonally (Figure 16 ). The yearly average (Figure 15) 
SUMMARY AND CONCLUSIONS
We have presented the large-scale, long-term climatology of lower atmosphere and upper ocean for the northwestern subtropical Atlantic, with emphasis on the FASINEX area. Both longterm and annual variability were discussed (data permitting), and the context for the FASINEX has thus been established.
On the time and space scales discussed here, the large-male setting for the FASINEX is dominated by the subtropical high and its seasonal variability. In February, near 28øN in the western North Atlantic, the western end of the ridge of the subtropical high extends over the FASINEX area, and there is averaged southerly flow in the lower atmosphere. Conditions in 1986 were fairly typical, but the high was shifted slightly southward, with a concomitant tendency for mean westerly flow. This location relative to the high, on average, produces conditions favorable for convergence, and hence frontal formation and downwelling, in the upper ocean. However, based on the 2 ø spatial and monthly temporal averages presented here, evidence for frontal formation is limited to a tendency for a maximized SST gradient in the region. No evidence for the intense fronts observed during the FASINEX intensive period is seen on these scales. Of course, the monthly averaging completely smooths the strong forcing of synoptic systenas that pass through the area.
Also missing on these averaging scales is evidence for frontal influence on the surface heat budget and/or on cloudiness. The as optimal as possible, given observed variability. In particular, near 28øN in February is a favorable time and place to observe large mean temperature gradients and downward Ekman pumping. There is, meanwhile, a relatively smooth field of air-sea fluxes in the vicinity, so that oceanic forcing is dominated by large-scale processes. Further, 1986 seems not to have been an anomalous year, compared to the 40-year mean. Of course, these results are highly smoothed versions of the observations made during FASINEX, and details of frontal structure and air-sea interaction processes in the vicinity of the front are not resolved here. Other contributions to this issue wil• address these smaller scales. Our intention has been to provide the setting in which these more detailed analyses reside.
